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Fig. 1. Clustering and synchronizing an unogranized video/audio collection.

Fig. 2. An example landmark created from a 1kHz tone starting 
   at .5 seconds and a 2kHz tone starting at 1 second.

Fig. 3. Example cross-correction of speech signals.
(b) Normalized landmark cross-correlation.

(a) Normalized absolute time-domain cross-correlation.

Fig. 4. Two different recordings of the same event.

, where 
Initialize each recordings as a separate cluster and then merged into 
successively larger clusters if

Other useful decision rules include:

Match-and-Merge Algorithm
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Fig. 5 Match-and-merge synchronization refinement.

(a) Initial Cluster. (b) Iteration 1.

(c) Iteration 2. (d) Iteration 3.

Table 1. Precision, recall, and F1-scores. Table 2. Computation time (s) and throughput (s/s).

Speech dataset - 180 speech recordings from a film set with 114 
        clusters averaging 20-40 seconds in length.

Music dataset   -  23 cell-phone recordings of three live music 
        concerts averaging 3-6 minutes in length.

Problem: Cluster and synchronize multiple videos of the same event
      as fast and efficiently as possible.
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Cluster and synchronize audio via landmark audio fingerprinting.
Improvements on event identification and synchronization refinement.
Presented within the framework of cross-correlation.
High accuracy with efficient computation.

More specifically, the method is outlined in five sections:

  Non-linear transform
  Time-difference-of-arrival estimation 
  Agglomerative clustering
  Efficient computation
  Synchronization refinement

Cross-correlation traditionally requires O(N  ) operations or O(N log N) 
operations for FFT-based correlation, where N is the �le length.
 
Slight modi�cation to the map structure of [4] can be interpreted as a 
sparse correlation method, requiring only the initial cost of building 
the map structure + O(N) operations, where N is the number of 
matching landmarks.
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Refinement is required for clusters of three or more when:
 pairwise TDOA estimates do not satisfy all triangle equalities
 one or more TDOA estimates within any cluster is unknown.

.

Method: Use landmark-based audio fingerprinting for a fast and 
    efficient method to both cluster and synchronize videos. 

The audio signal is transformed into a set of combinatorially-
paired frequency peak onsets [4] and stored in a sparse high-
dimensional discrete time signal .
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